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ON THE KINEMATIC OPENED CHAIN WITH KINEMATIC LINKS 
WITH CLEARANCE 
 
PhD. lecturer eng., Jan-Cristian GRIGORE, University of Piteşti, str.Tîrgu dinVale Nr.1 
 
 
Abstract:  The kinematic links motion is influenced mostly by the clearance size from the joint and 
the number of joints with clearance. The presented paper studies a particular kinematic chain as 
physical pendulum with clearance. 
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1.INTRODUCTION 
 
The  joints  from  the  kinematic  chain  structure  are  built  with  clearance,  necessary  from 
technological point of view. Without this clearance they are no relative motion between the 
kinematic chains elements. To find the kinematic parameters have to find the motion law of 
the  kinematic  chain,  which  in  the  most  cases  are  difficult  to  obtain  and  to  solve  this 
numerically, its need to use simplifying hypothesis. The most used numerical method to find 
the kinematics parameters and the impact force is Runge-Kutta, considering known the initial 
motion conditions and the kinematic chain characteristics.  
 
2.THE PHYSICAL PENDULUM WITH BIG CLEARANCE WITHOUT FRICTION 
 
Making the following notations can obtain the physical pendulum particularising the general 
model [1]:  
0 ; ; 0 ;     y x A A F mg F y l x   (1) 
and on obtains the relations:  
0 ; 0 ;     Q Q mg Q y x   (2) 
And the system  
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 which is presented in the paper [1], becames 
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  (3) 
The following initial conditions: 
0
0 0 ; ; ; 0       C C C C Y Y X X t ;  0
0 0 ; ;        
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must to verify the restrictions means:  
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r l Y l X
  (5) 
Adding to restrictions presented above due to equality  
  sin sin l Y r C      (6) 
at the initial moment it exists the relations:   
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l VCY    (8) 
If  on  analyse  the  cases  of  pendulum  with  big  clearance  (fig  1)  which  are  treated  by 
subchapters  (4.3)  from  [6],  for  the  small  clearance  then  on  obtains  the  following  initial 
conditions: 
0 ; 0 ; ; 0       C C Y r l X t ;  0 0 ; ; 0              l r Y X C C   (9) 
 
 
Fig. 1 
 
For  the  pendulum  with  parameters  9 , 6 , 1    B kg m m l   is  analyzed  the  following  
numerical  case  0 0 8
7
,      
l
g
  with  many  values  of  clearances  
m r m r m r 1 . 0 02 . 0 ; 002 . 0     with diagrams drawings in figures 2 a), b), c), d); fig.3 
a), b), c), d); fig.4 a), b), c), d).
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a). Angular theta  versus time  b). Angular  versus time 
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c). Angular  versus angular  d). Reaction force N versus time 
Fig.2 
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a). Angular theta  versus time  b). Angular  versus time 
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c). Angular  versus angular  d). Reaction force N versus time 
Fig.3 
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a). Angular theta  versus time  b). Angular  versus time 
 
-1.5 -1 -0.5 0 0.5 1 1.5
-1.5
-1
-0.5
0
0.5
1
1.5
teta
a
l
f
a
alfa(teta)
 
0 0.5 1 1.5 2 2.5 3
0
50
100
150
200
250
300
timp
N
N(timp)
 
c). Angular  versus angular  d). Reaction force N versus time 
Fig.4 
 
3.CONCLUSIONS 
On observes that for the small clearances as  m r m r m r 1 . 0 02 . 0 ; 0001 . 0     the results 
are almost similar with those of the cases without clearances. 
In the case of big clearances m r 1 . 0   the results differ essentially from those obtained to the 
cases  of  pendulum  without  clearances.  On  observes  that  the  normal  reaction  goes  to  the 
negatives values, so lack of contact in some points are possible (shocks).     Fiabilitate si Durabilitate - Fiability & Durability    No 1/ 2012 
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